Background & aims Older malnourished patients experience increased length of hospital stay and greater morbidity compared to their well nourished counterparts. This study aimed to assess whether nutritional status at hospital admission predicted clinical outcomes at 12 months follow-up. Methods Secondary data analysis of 2602 consecutive patient admissions to an acute tertiary hospital in New South Wales, Australia on or before 1st June 2009. Twelve-month data was analysed in a sub-sample of 774 patients. Nutritional status was determined within 72 h of admission using the Mini Nutritional Assessment (MNA). Outcomes, obtained from electronic patient records included hospital readmission rate, total length of stay (LOS), change in level of care at discharge, and in-hospital mortality. Results A third (34%) of patients were malnourished and 55% at risk of malnutrition. Using a Cox proportional hazards regression model, controlling for underlying illness and age, patients at risk of malnutrition were 2.46 (95% CI: 1.36, 4.45; p = 0.003) times more likely to have a poor clinical outcome (mortality/discharge to higher level of care), while malnourished patients had a 3.57 (95% CI: 1.94, 6.59; p = 0.000) times higher risk. Conclusions A poor nutritional status carries a substantially greater risk of death and/or loss of dependency in older adults. Interventions to improve the nutritional status of patients during their hospital stay, and following discharge back to the community, are needed to lower the risk of adverse outcomes.
Introduction
Malnutrition is a commonly reported problem amongst hospitalised elderly patients, with estimates of between 30 and 43 % in acute Australian hospitals. [1] [2] [3] However the prognostic impact on adverse clinical outcomes in this age group is not well quantified. Many studies have reported increased surgical complications, delayed wound healing, greater morbidity and increased length of hospital stay, as well as a decreased quality of life in malnourished older adult 4, 5 but comparisons between studies are hampered by the use of different nutrition assessment criteria and varied lengths of follow-up.
Despite the existence of clinical guidelines that recommend malnutrition screening in all older patients admitted to hospital, 6, 7 malnutrition often remains undetected and untreated because it is not considered to be a clinical priority. 8 The Mini Nutritional Assessment (MNA) has been used extensively in older patients in community, hospital and nursing home settings in many countries around the world and is considered to be the most appropriate instrument to use in this age group 9, 10 Globally, the prevalence of malnutrition in older adults, using this method, has been reported to be highest in rehabilitation (51 %) and acute (39%) hospital settings, but has also been detected in 14% of nursing home residents and 6 % of community-dwelling elderly. 11 Seven studies of older patients admitted to acute hospitals that have used the MNA instrument have found that malnutrition predicts mortality, both at discharge and over periods of up to 5 years. These studies have mostly been conducted in European countries, [12] [13] [14] [15] as well as in Israel 4 and Taiwan. 16 In Australia, Visvanathan et al., 17 reported higher rates of mortality associated with malnutrition over 12 months in older people receiving domiciliary care in Adelaide, however data from other settings is unavailable. A secondary analysis of older patients admitted to an acute hospital was undertaken to investigate the association between nutritional status and clinical outcomes, including total length of hospital stay, number of hospital readmissions, discharge to a higher level of care and mortality within a 12-month period of follow-up.
Methods

Study design
Secondary analysis of patient records was conducted, whereby nutritional data was crossreferenced and merged with other patient data from electronic patient medical records at a major tertiary care referral hospital in the Illawarra Shoalhaven Local Hospital District of Cox proportional hazards regression analyses were performed with time to death as the dependent variable and death as the event. Both unadjusted and adjusted models that included the covariates (independent variables) of MNA category (reference category is 'well nourished'), MDC (reference category is 'other') and gender (reference category is 'female'), were performed. For the purpose of regression modelling the nine MDC categories were collapsed into five, due to small numbers in some categories. Diabetes, gastroenterology and renal were included into "other," while falls were included with acopia/syncope/frailty and neurology moved into cognitive disorders.
Results
The total sample of N = 2 602 acute geriatric patients admitted to Wollongong Hospital for whom MNA data was available had a mean age of 83 (7.2) years with 60 % comprising women. Men were significantly (P<0.001) younger, taller and heavier, but had a similar BMI, and MNA score to women (data not shown). Well nourished individuals were younger and heavier than the other two categories of nutritional risk ( Table 1) . Prevalence of malnutrition is compared with other published studies that have used the MNA in acute hospitals in Table 2 .
The sub-sample of 774 patients included in the 12-month analysis was similar in mean age, BMI and MNA score, and had a similar prevalence of malnutrition, to the total sample ( Table   3 ). The median overall MNA score was 19.5 (IQR15.5-22.0) which falls within the "At Risk of
Malnutrition" category. Major Disease Classification (MDC) data identified that orthopaedic conditions were the predominant cause of index hospital admission, accounting for 41% of all patients, followed by respiratory pathologies (13%). 'Other' medical conditions that included cancer, multiple co morbidities, anaemia, post-operative infections or complications, DVT, fever and sepsis, accounted for 12% of patients. MDC did not differ according to MNA category (p= 0.064). Of note is the high prevalence of malnutrition in those who had experienced a fall or who had cognitive disorders (41 % and 48 %, respectively). Table 3 details the descriptive statistics for the total sample and sub sample, and Table 4 shows the characteristics of the sub sample by MNA category. MNA score was inversely associated with age (r = -0.145; p = 0.000), BMI (r = -0.216; p = 0.000) and total summed LOS (r = -0.114, p = 0.002).
After the index hospital admission, 74 % of well nourished patients were discharged home, compared to 53% of 'at risk' patients and 36% of 'malnourished' patients (P<0.001). Of those discharged to a low level of care, 55% and 37%, were classified as 'at risk' and 'malnourished,' respectively while of those discharged to High Level of Care (HLC) facilities, 54% and 42% were 'at risk' and 'malnourished, ' respectively.
Of those who had died by the end of the 12 month follow-up period, 94% were classified as either malnourished or 'at risk' at their index admission (Table 5) . A significantly greater percentage of 'malnourished' and 'at risk' patients had an increase in level of care at discharge over 12 months, compared to well nourished patients (p = 0.000) ( Table 5) .
Using a logistic regression model to assess the effect of malnutrition on poor clinical outcome, those at risk of malnutrition were 2. 
Discussion
Our study provides convincing evidence that, within an acute hospital setting, the majority of older patients admitted are either malnourished or at risk of malnutrition. A major strength of this study was the use of a validated instrument (full MNA), administered by trained dietitians, to assess nutritional status in older people in what is possibly the largest sample reported worldwide in this setting (n = 2602). The MNA has been used extensively in older patients in community, hospital and nursing home settings in many countries around the world. 9 Our finding that a third of patients are malnourished and a further 55 % were at risk of malnutrition validates findings from much smaller samples.
Overt malnutrition was associated with a three and a half times increased risk of in-hospital death and/or poor clinical outcome over a 12-month period, which is similar to findings from a 3-year study of Swedish elderly. 12 A novel finding of the present study is the quantification of a more than twofold increased risk of an adverse clinical outcome in older patients who were
classified "at risk of malnutrition". This is the group in whom interventions to address underlying risk factors may be most beneficial and cost-effective, however further well designed trials are required to identify which interventions are efficacious as well as feasible to implement on a large scale. 19, 20 An increased need for residential care, measured as discharge to a higher level of care compared to admission, is not commonly reported in studies of this nature and our data further contributes to estimation of service needs associated with a poor nutritional state. A lack of difference between the subsample (n = 774) and the larger dataset of consecutive patient admissions for age, weight status and prevalence of malnutrition suggests that our findings may be generalizable to older adults in other acute hospital settings.
Malnourished geriatric patients in our acute hospital sample had a length of hospital stay over the twelve month period of follow-up that was 11.4 days longer than their well nourished counterparts. This finding is supported by previously published data from patients admitted to rehabilitation (sub-acute) hospitals in the same local hospital district. 21 A potential confounder in assessing the impact of malnutrition on hospital length of stay is that LOS may be shorter in those who die as a result of severity of their underlying illness. We attempted to account for this anomaly by including patients' disease classification as a covariate in the analysis.
The prolonged LOS related to malnutrition represents a potentially vast financial burden on the health services. Estimates from the UK indicate that malnutrition-related costs are £7.3 billion each year, more than double the projected £3.5 billion cost of obesity. 22 The bulk of these costs arise from the treatment of malnourished patients in hospital (£3.8 billion) and in long-term care facilities (£2.6 billion), followed by GP visits (£0.49 billion), outpatient visits (£0.36 billion), and enteral and parenteral nutrition, tube feeding and oral nutritional supplementation in the community (£0.15 billion).
Nutritional status has been shown to deteriorate in patients over the course of their admission and undoubtedly there is benefit in early implementation of nutrition therapy in those that need it.
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Patients' appetite during hospital admission can be impacted by a number of reasons such as the illness itself, malabsorption, early satiety, lack of flavour perception, lack of variety, cognitive impairment, absence of feeding assistance, meal timing, social isolation, poor ambience in hospital wards, depressed mood, inappropriately large meal portions, swallowing and chewing difficulties, frailty, decreased functional capacity, restrictive diets, effect of polypharmacy, depression and/or dementia. 24, 25 We did not assess change in nutritional status or weight during the index hospital admission but best recommended practice, both in terms of routine nutritional assessment and nutrition management, 10 was implemented in the hospital setting from which the study sample were drawn. Despite this, malnutrition remained an important predictor of functional decline and mortality over the following 12 months.
Within the acute hospital setting, identified barriers to optimal nutrition care of patients are related to organizational barriers, including nursing staff shortages and lack of a coordinated approach, with regard to poor knowledge of nutrition care processes, poor interdisciplinary communication, and a lack of a shared responsibility approach to nutrition care. 8 Additionally, competing activities at mealtimes may leave staff feeling disempowered to prioritise nutrition in the acute medical setting. Redesigning the model of care to reprioritise meal-time activities and redefine multidisciplinary roles could support improved nutrition-related patient outcomes, however effectiveness would require substantial organisational change.
It is noteworthy that the majority of patients were discharged home. Following hospital discharge, many older patients fall between the gaps of health care delivery particularly during their period of convalescence, a time that may be critical to prevention of further nutritional decline. Interventions that allow a smooth transition from hospital to home/nursing home, and that take into account additional risk factors such as dementia, depression, decreased visual acuity, poor dentition, polypharmacy, social isolation and financial burden, are required. Even in those older adults in the community that receive regular services such as home nursing, malnutrition is a significant issue. 26 Better integration between inpatient and community services is required to ensure seamless delivery of patient-centred care and to maximise wellbeing in this group.
Limitations of the study include potential errors in recording of clinical outcomes due to compromised quality of electronic patient records. Original patient folders were accessed where necessary to obtain missing data or to validate queries. Only in-hospital deaths were recorded in the database, and the relatively small number of patients and patient deaths in the well nourished group reduced the power of the Cox regression model. In conclusion, the majority of patients admitted to acute care geriatric wards of a regional Australian tertiary hospital are either malnourished or at risk of malnutrition. Patients within these categories have a significantly increased total length of hospital stay, and are more likely to be discharged to a higher level of care, or die in hospital within this time frame. Interventions to improve the nutritional status of patients both during their hospital stay, as well as following discharge back to the community are required to lower the risk of adverse outcomes. Institute. Joanna Russell is thanked for editorial assistance.
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